In this paper, firstly, an extensive empirical investigation is done by fitting linear regressions exhaustively to observe the pattern and nature of linear relationships of life expectancies of each age-group with that of all other age-groups in fifty-four Sample Registration System (SRS) life tables of Assam state of India. Secondly, two second degree polynomial regression models have been proposed for estimating life expectancies at birth (e 0 ). Both the models have been empirically illustrated in fifty-four SRS life tables of India and fifty-four SRS life tables of each of 16 major Indian states. The estimated values of e 0 are examined in relation to estimated values of the same by some other methods and e 0 values available in SRS tables of the years 2001-05 and 2011-15. Moreover, e 0 values for all districts of Assam are estimated by using one of the proposed polynomial regressions together with some indirect techniques of estimation.
Introduction
Patterns of human mortality in the form of summary presentation of a cohort population are best expressed in life tables. A life table presents a comprehensive picture of a cohort population that gets depleted systematically through deaths at each age, and thus portrays the process of life itself to facilitate systematic study of phenomenon of survival and death [1] .
The rigorous challenge in the construction of model life tables is to obtain generalizations on age pattern of mortality through mathematical functions termed as laws of mortality under appropriate choice of assumptions, which in turn will pave the way for conducting mortality analysis. Moreover, considering age pattern of mortality as empirical, typical patterns are selected as laws of mortality and then models by different levels of mortality are generated within each identified pattern. These life tables are used for smoothing of data, incorporating age-specific mortality patterns, forecasting of mortality rates, and demographic estimation in circumstances where complete vital registration is not in action [2] . Using Model life tables (MLTs), age-specific mortality rate can be adequately expressed by two or three parameters such as a family to which model belongs and the mortality levels.
First empirical attempt to construct the MLTs was made by Notestein et al. [3] . However, first set of MLTs was published by the United Nations (UN) in 1955 [4] . In 1966, Coale and Demeny proposed a set of MLTs with four different age patterns of mortality (North, South, East and West) corresponding to the level of mortality by plotting the probability of dying against age. And again UN in 1982 came up with a new set of MLTs known as New UN MLTs. A revised version of Coale and Demeny's MLTs were again published in the year 1983 [5] . In this direction of research studies, among a large number of past and ongoing contributions, a few have been pertinently mentioned here, by seeing their specific relevance to our work, as follows.
Kesarwani [6] followed the following procedure to estimate the life expectancy at birth (LEB) using the information on infant mortality rate (IMR).
At first, the regression model of the   ln LEB = α + β * IMR is used for estimating LEB. Then, in the light of the techniques and procedures used by Gabriel and Ronen [7] , Sinha and Gupta [8] and Ponnapalli [9] , Kesarwani [6] in which the estimated LEB was used to estimate life expectancies LE(x) for all age groups x=1, 5, 10,…, 85+ .
In the first part of our work, based on fifty-four Sample Registration System (SRS)based life tables of Assam, 18 for males, 18 for females and 18 for total of males and females of the period 1995 to 2016, a comprehensive investigation has been done to observe the nature of linear relationships between logarithms of life expectancies of each age group as explanatory variable to the logarithm of life expectancies of all other age groups as response variable by fitting linear regressions one after another exhaustively. From this investigation, a few models that provide best linear regression fits have been selected with the help of the fitted graphs. Moreover, by using the said Kesarwani's [6] method for construction of MLTs, life expectancies of all age groups are estimated based on the same data. In Tables 1-3, the performances of the selected models and Kesarwani's model, in terms of goodness of fits measures, are shown by the coefficients of determination and standard errors separately for male, female and total respectively. From this empirical study, it has been found that life expectancies at some particular ages other than zero can also be used, rather than using e 0 and IMR, for estimating life expectancy at any age, such estimates fit better to the SRS life tables. The finding here has shown certain exceptions to some standard techniques popularly used in the construction of MLTs.
LEB is generally considered as the basis for determining mortality levels of different age groups in a population; however, life expectancies at ages other than zero are also used for studying human longevity, in historical populations and most developing countries, the incidence of high rate of infant and early childhood mortality results in lower values of e 0 than at other ages, and in such populations those surviving the hazards of early childhood have a higher life expectancy than new born and the highest life expectancy occurs not at birth but at a later stage [10] .
Expressing life expectancy as an exponential function of age and also approximating the logarithm of life expectancy at age x by a quadratic equation of x for the entire range of x except the childhood age interval of less than five years were demonstrated by Mitra [11] . In his study, it was observed that expectation of life assumed its maximum value in the interval (0-4) and that age approached to the age 0 with increase in life expectancy, and the MLTs were used to determine ages of maximum life expectancy and the parameters of the quadratic equation for a number of levels.
In India, the SRS is the most regular source of demographic statistics; it is based on a system of dual recording of births and deaths in fairly representative sample units spread all over the country, SRS estimates are generally valid and reliable for the country as a whole and for bigger states, the sample size of SRS has been increased to allow for estimates by natural divisions within the bigger states, evaluations during 1970s and 1980s show that completeness of recording of births and deaths by the SRS is generally good and errors in recording of events are minimal. However, systematic evaluation of the SRS has not been taken up for quite some time, indirect estimates for 1990s and after suggests that registration completeness has worsened and interstate variations widened, a pluralistic evaluation framework is recommended [12] .
In the SRS based life tables of India, till the year 1980, the highest life expectancy remained occurred at age five, and the crossover to age one began from 1981-85. In the UN MLTs for developing countries (South Asian pattern, 1982), the shifting of highest life expectancy from age five to age one occurred in the life tables corresponding to e 0 =57.0 (for males) and e 0 =59.0 (for females). For India's SRS life tables, this crossover of 1981-85 took place at level when e 0 =55.45, 53.95, 55.67 for individuals, males, and females, respectively in all major states except Kerala [13] .
While inspecting SRS-based life tables of India, it can be observed that the difference between the life expectancies at ages 0 and 1 was such that life expectancy at age one was more than e 0 by 6.5 years in 1971-75, and the difference had decreased up to 1.86 years in 2012-16. In the life table of 1995-99, e 0 was less than life expectancies at ages from one to seven and so also, in 1997-01, e 0 was less than life expectancies at ages from one to six. In 2012-16, e 0 was less than life expectancies at ages from one to three although in all cases life expectancies began to diminish gradually from age one. Among all the major states of India, Kerala is the only state where the gap between life expectancies at ages 0 and 1 was very less, which was 0.7 year in 1986-90, and the gap reduced to zero in 1995-99 and in 1996-00 crossover happened, i.e., e 0 became highest and thenceforth continued to be so till date.
While going through the above a few pertinent literatures, it can always be observed that e 0 is somehow inextricably related to life expectancies at childhood ages. At this juncture, it is relevant to note that, in regard to construction of MLTs using childhood mortality ages, Lederman [14] developed a series of one parameter and two parameters life tables based on regression technique. Then, the author proposed new model life tables by generating the logarithm regression equation between probability of dying at ages x and (x+5). He estimated different sets of regression coefficients for each equation based on different independent variables (e.g. 0 e , 10 q , 5 0 q , 15 0 q , 20 30 q , 20 45 q and 50  m ) or a pair of variables. From the above facts, it can also be inferred that e 0 is also inextricably related to mortality conditions in childhood ages. Roy [15] for India by logit smoothing. It is justifiable that child survivorship functions strongly influence e 0 . Keeping this in the background, in the second part of our work, two second degree polynomials have been derived for estimating e 0 . One shows relationship between e 0 and survivorship functions at early childhood ages (0-2), i.e., l 1 and 2 l ; the other shows between e 0 and survivorship functions at childhood ages (0-4), i.e., and l , l , l l 4 1 2 3 , where and l , l , l l 4 1 2 3 are conditional survivorship probabilities at ages one, two, three and four respectively. By fitting polynomial regression models, e 0 is estimated from SRS-based life tables of India and 16 major Indian states. Thus, two polynomial regression models which are useful in estimating e 0 are proposed here. Moreover, by using one of the proposed two models, i.e., values with logit smoothing [13, 16] , district level life expectancies of all the districts of Assam have been estimated. The estimated values of e 0 are presented in Table 7 .
 

Data and Methods
Data
SRS-based life tables of India published by the office of the Registrar General of India are used in this study. This paper has considered fifty four SRS life tables from 1995-99 to 2012-2016 of Assam, 18 each for males and females, and 18 for the total in the empirical investigation, explained in the introduction part. SRS-based life tables of the same period of India and its sixteen major states, viz., Andhra Pradesh, Assam, Bihar, Gujarat, Haryana, Himachal Pradesh, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Odisha, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh and West Bengal, separately for both sexes and the total of both sexes are used in fitting the two polynomial regression models proposed in this paper. The two second degree polynomials are used for estimating e 0 . CEB, CS and total numbers of women in child bearing ages are taken from Indian Census data of 2001 and 2011 for estimating life expectancies in district levels of Assam.
Methods
Regression-based model life tables
In the first part of our work, the following methods are used and procedures are followed as well.
In the equation     ln LE (x) = α + β * ln LEB , in place of the   ln LEB ,   ln LE(x) is used as explanatory variable with a particular value of x (say x=1) and then the regression
x y; y = 1,5,10,...,85 + is fitted to estimate life expectancies for all age groups based on   ln LE (1) . In the next step,   ln LE(x) is used as explanatory variable with x=5 and life expectancies for all ages based on   ln LE(5) are estimated. The process is continued exhaustively for all ages x. Besides, by using IMR as independent variable, estimation of life expectancies of all ages x is also done. Thus, a large number of regression equations are set up and every time graph is fitted between estimated life expectancies and corresponding life expectancies from SRS data. The graphs are helpful in identifying best fitting models. Kesarwani's [6] procedure, explained in introduction part, is also illustrated in the same SRS data as a part of the investigation.
Polynomial regression models
In this second part of our work, two second degree polynomials have been obtained each of which is giving relationship between e 0 and survivorship functions at some early childhood ages.
In populations where the highest life expectancy occurs at age one, those who survive the hazards of infancy gains extra years of life expectancy on the top of the year they have already lived. This changes in mortality in the first year of life strongly affect e 0 ; with this background, Romo and Becker [10] , and Sarma and Choudhury [13] constructed relationships between e 0 and survivorship probability at age one ( l 1 ) in the form of linear and quadratic equations respectively.
In this paper, from the perspective of the above observation, i.e., changes in mortality in the first year of life strongly affect e 0 and, at the same time, taking into consideration that child survivorship functions at early ages are inextricably related to e 0 , two second degree polynomials are derived by considering the equations obtained by Romo and Becker [10] and Sarma and Choudhury [13] :
is the person-years lived between birth and age one, is the probability of survivorship function at age one.
In the same way, the following equation may be obtained
l σ,t dσ + l σ,t dσ + l σ,t dσ
where θ is the highest age attained by a member of population. Considering the effect of childhood mortality changes in age interval (0-2) on e 0 , the following equation can be obtained:
is a weighted linear function of 
where, 1 1 1 1 α , β , φ , η are the four parameters of the second degree polynomial equation. Proceeding in the same way and also considering the effect of childhood mortality changes in age interval (0-4) on e 0 , the following equation can also be obtained:
are the six parameters of the second degree polynomial equation.
Thus, two polynomial regression models (3) and (4) for estimating e 0 have been obtained.
The models are fitted to the SRS-based life tables for India and 16 Indian states (males, females and the combined) of the specific period mentioned already. The fitted polynomials models are given by models (2) (3) (4) In order to observe the relative performances of all the three polynomial regression models (2) (3) (4) , tables are presented with 2 R and SE values - Tables 4-6 . Again, e 0 of India and the 16 Indian states are estimated using the fitted polynomial regressions for each of the states and India as estimating equations. These equations are obtained from models (2) (3) (4) . The values of and l , l , l l 4 1 2 3 are taken from SRS tables of 2001-05 and 2011-15 and thus the estimated values of e 0 are presented along with corresponding values of e 0 from the SRS tables. In this estimation, only the SRS data, total of male and female, is used, and the results are presented in Table 8 . l , which are obtained from models (2) and (3) respectively, and particularly fitted for the Assam State (based on the same SRS data, total of male and female). The estimated e 0 for the years 2001 and 2011 are presented in Table  7 .
Results and Discussion
In section 2.2.1, as mentioned in the introduction, the extensive empirical investigation is aimed at examining how far some commonly used techniques, such as using e 0 and infant mortality rates for estimating life expectancies at other ages, works realistically, particularly, in the case of the SRS-based life tables of Assam. The investigation deals with males, females and total of males and females of the stated period. The results are presented in Tables 1-3 .
In Table 1 , the data used is the SRS-based total of male and female life tables of Assam. It can be observed that natural logarithm of life expectancies at ages 15 and 35 taken as explanatory variables to the response variable   ln LE (x) for all x can give better fitting in the range of age groups (0-55) than that of Kesarwani's procedure. Moreover, logarithm of life expectancy at x = 1, too, taken as explanatory variable to the response variable   ln LE (x) for all x fits better than that of Kesarwani's procedure. However,   ln LE (x) at x =15, 35 as explanatory variables provide relatively better estimates than that of all the others.
In Table 2 , the data used is the SRS-based male life tables of Assam. Natural logarithm of life expectancy at age 30 can give better estimation in the range of age groups (0-50) than that of Kesarwani's procedure, and besides, logarithm of life expectancies at x = 35, 40 provide better estimates than that of Kesarwani's procedure. Even logarithm of life expectancy at x = 30 can give relatively better estimates than that of Kesarwani's procedure and logarithm of life expectancy at age x = 35, 40.
In Table 3 , the data used is the SRS-based female life tables of Assam.   ln LE (x) at x = 1, 5, 15 used as explanatory variables can provide better estimates than that of the rest and Kesarwani's procedure.
Thus in this comprehensive investigation in the particular case of SRS-based life tables of Assam when fifty-four life tables are taken-18 for male, 18 for female and 18 for the combinedtogether, it is observed how some widely used techniques are not performing well. Rather some new models are fitting better in the particular context of the data.
In 2.2.2, the two polynomial regression models (3) and (4) Table 7 along with e 0 values estimated by e 0 = 342.5-813.7 1 l +548.4 2 1 l obtained from model (2) . By seeing the closeness of the corresponding estimates provided by the proposed model (3) and quadratic regression model, the reliability of the estimates provided by the proposed model (3) can be acknowledged. 
Conclusion
When a thorough investigation is done based on SRS-data of Assam of the specific period with the help of regression techniques, a number of models emerge which estimate life expectancies at ages x better than some established facts or standard ones such as dependence LE(x) on LEB or on LE (1) . On the other hand, strong dependence of life expectancy at birth on early childhood survivorship functions has been shown both analytically and empirically as the two proposed polynomial regression models have done well in the particular data used in the paper. The nature of the dependence is shown by the structure of the equations. In developing countries like India, these polynomials may be useful for estimating e 0 even when indirect techniques are used together with these polynomials.
